Abstract: A dramatic enhancement of the photon drag effect was observed in nanostructured gold and silver at localized plasmon resonance conditions. We demonstrated a possibility to control the effect with nanoscale geometry. Coupling of optical, plasmonic and electric effects in plasmonic systems [1] [2] [3] can provide important opportunities to incorporate plasmonic elements into electronic circuits, and monitor or control plasmonic effects electrically. Photon drag effect, i.e. generation of photoinduced currents, observed in thin metal films was shown to be primarily associated with propagation of surface plasmon polaritons (SPPs) [2, 3] . The nature of the plasmon-related drag is not yet clear. These photoinduced currents are significantly stronger [2] than those that would be predicted by a simple light pressure model [4] , however other mechanisms, such as high field gradients [5] [6] [7] could play a major role in effects observed. In order to better understand the origin of plasmon drag effect and explore possibility to control it with nanoscale geometry, we studied photoinduced electric signals in several plasmonic systems as functions of wavelength, angle of incidence and periodicity of the nanostructure. Samples under study included (i) gold and silver nanomesh strips (Fig.1 a) on porous anodic alumina membranes (AAO) with periodic features of typical sizes of 35nm and 150 nm, and (ii) gold coated silicon nanopillar arrays of 75 nm diameter nanopillars on either a 500 and 250 nm pitch (Fig.1b) . 2 mm x 10 mm strips of gold or silver thin films with the thickness of 30-50 nm were deposited on the AAO using thermal vapor deposition technique. The Aucoated Si nanopillars were fabricated via the electron beam lithography and reactive ion etching. A full description of the fabrication process is provided in [8] . The size of the array was a total of 500 um on a side. A stencil mask was created out of an Al foil to enable the continuous coating of the Si nanopillars with a 50 nm Au film via e-beam evaporation that extended only to the edges of the arrays in one direction, but provided electrical leads to the ends of the sample. Two electrical contacts were attached to opposite ends of the stripes, see Fig.1 c for sample schematics. The sample was placed on a rotating stage and illuminated with p-polarized laser light (~5 ns pulses of an optical parametric oscillator tunable between 410 and 750 nm). The diameter of the excitation spot was about 2 mm. Laser light illumination induced an electric signal (measured with 3 GHz oscilloscope, 50 Ohm input impedance), which exhibited a temporal profile that approximately corresponded to that of the laser pulse. The polarity of the induced signal in most cases corresponded to electrons moving in the direction of the projection of the photon k vector onto the film surface. (However, more complicated angular dependence was observed in the asymmetric Au/AAO sample fabricated through thermal deposition at oblique angle. The details will be published elsewhere.) 
Coupling of optical, plasmonic and electric effects in plasmonic systems [1] [2] [3] can provide important opportunities to incorporate plasmonic elements into electronic circuits, and monitor or control plasmonic effects electrically. Photon drag effect, i.e. generation of photoinduced currents, observed in thin metal films was shown to be primarily associated with propagation of surface plasmon polaritons (SPPs) [2, 3] . The nature of the plasmon-related drag is not yet clear. These photoinduced currents are significantly stronger [2] than those that would be predicted by a simple light pressure model [4] , however other mechanisms, such as high field gradients [5] [6] [7] could play a major role in effects observed. In order to better understand the origin of plasmon drag effect and explore possibility to control it with nanoscale geometry, we studied photoinduced electric signals in several plasmonic systems as functions of wavelength, angle of incidence and periodicity of the nanostructure. Samples under study included (i) gold and silver nanomesh strips (Fig.1 a) on porous anodic alumina membranes (AAO) with periodic features of typical sizes of 35nm and 150 nm, and (ii) gold coated silicon nanopillar arrays of 75 nm diameter nanopillars on either a 500 and 250 nm pitch (Fig.1b) . 2 mm x 10 mm strips of gold or silver thin films with the thickness of 30-50 nm were deposited on the AAO using thermal vapor deposition technique. The Aucoated Si nanopillars were fabricated via the electron beam lithography and reactive ion etching. A full description of the fabrication process is provided in [8] . The size of the array was a total of 500 um on a side. A stencil mask was created out of an Al foil to enable the continuous coating of the Si nanopillars with a 50 nm Au film via e-beam evaporation that extended only to the edges of the arrays in one direction, but provided electrical leads to the ends of the sample. Two electrical contacts were attached to opposite ends of the stripes, see Fig.1 c for sample schematics. The sample was placed on a rotating stage and illuminated with p-polarized laser light (~5 ns pulses of an optical parametric oscillator tunable between 410 and 750 nm). The diameter of the excitation spot was about 2 mm. Laser light illumination induced an electric signal (measured with 3 GHz oscilloscope, 50 Ohm input impedance), which exhibited a temporal profile that approximately corresponded to that of the laser pulse. The polarity of the induced signal in most cases corresponded to electrons moving in the direction of the projection of the photon k vector onto the film surface. (However, more complicated angular dependence was observed in the asymmetric Au/AAO sample fabricated through thermal deposition at oblique angle. The details will be published elsewhere.) Electric signals induced in nanostructured samples were significantly higher than those in nominally planar films at the same laser power. As an example, signals observed in the sample with a nanopillar array are shown in Fig. 2 for three different positions of the excitation spot: directly on the array or outside the array at the gold strip on left or right side from the array. As one can see, the effect was orders of magnitude larger when the nanostructured surface was illuminated.
The amplitude of the electric signal, A( , was studied as a function of the wavelength of excitation, in the range from 410 nm to 750 nm. In each experimental series, the energy of the laser pulse was kept approximately the same for each wavelength point, being about 0.2 mJ in the experiments with nanomesh samples, and 0.01 mJ for nanopillar arrays. As was previously shown [2] , the amplitude of the signal linearly depends on the power. In order to take into account small variations in the pulse energy from point to point, the amplitude of the signal was normalized to the incident energy. The results are shown in Fig. 3 . All samples demonstrated similar behavior: A( ) was non-monotonous with a well-defined maximum. The position of the maximum and its height depended on both the material and type of nanostructures. For the Ag/AAO (with 35 nm period), the maximum of the effect was observed around 430 nm, while for similar Au/AAO samples peaked around 530-550 nm. For each nanomesh sample, the peak position coincided with the position of a dip in the transmission spectrum (shown as a solid trace), which indicated the localized plasmon resonance.
Both nanopillar arrays had a maximum of A( ) at the same range, 610-620 nm. The fact that the change in pitch did not influence the spectral response and the fact that the array with the smaller pitch (half the pitch of the 2 nd array) produced double the signal amplitude both would imply the major role of plasmon resonance associated with an individual pillar. However, the reflection spectrum (of a similar nanopillar array), (shown in Fig.3 c as a solid trace) had several dips (with one at 620 nm), corresponding to different resonances associated with both individual and collective modes. Further studies will be conducted to better understand the effect of these various plasmonic resonances on the photo-induced electric currents.
In conclusion, nanostructuring of the metal surface leads to significant enhancement of the photon drag effect. The maximum of the effect corresponds to conditions of localized plasmon resonance. The frequency dependence of the effect and its magnitude can be controlled with nanoscale geometry. The effect may find applications in a variety of opto-electronic devices and future nanocircuitry operating at optical frequencies.
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